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Title: 



SMART TEMPERATURE SENSING DEVICE 



FIELD OF THE INVENTION 

This invention generally relates to a temperature sensing device More 
,nVenti ° n " 3 ~ sma rt temperature sensor having 

BACKGROUND OF THE INVENTION 

Many applies require sensing of a ,e m pera,ure ,o effcc,ua,e a, ask One 
W.e«, v-ay of sensing a ,c mpC ra,ure is ,„ plaC e . , erapera , ure xn£ot ^ ^ 
cnv_ 10 bc sensed . T „ e , erapera(ure sMsor an decIrica , s , ena| 

, e e.ee.Hea, si g „a, i„,„ . , empera , ure and fc ^ ^ * 

P» «- Often anses, nowever, in tha , many „„„ ^ „ 

nnons do no, provide forbig hly accuraIC ten , pcra , urc 
no, ade q „« ly caiibra.cd for usc w , h , he ^ 

One prior ar, soimion ,o ,bis prob , em was , 0 calibra , c , given ^ ^ 
«™ r ang e by placin8 eeneral ca|jbralion informaiiM ^ a mcmory as;ocjTOd 

w„h ,„e convers,„„ circuit Tnis genera, caiibra.ion i„form ation suffered from ^ 
Una, each nsor in use „ „ o , idcmical> ^ [aiher ta ks ow intOTai 

^erefor , , e genera, caiibrabon da, a used wi.bin the elactrical co „ vm , 0 „ cjrcu| , 
no, prov.de for an accu .a,e .enrpera.nre reading for a „ y one pardcuiar sensor 

Ano,her solu.ion ,„v„,ved ca,,bra,i„ g a given sensor over a number of differen, 
■ensures and s,„ri„g caiibrabon infusion widdn a nrenrory associa.ed wi,h ,he 
**** conversion circuit ,„ , his manner , ^ ^ ^ ^ ^ ^ 

calibrat.on information associated with it in the electric! ™ 

m Ine e 'ectncal conversion circuitry This 

r*: TT suffcred from ,he drawback lhat ,hc " fe ° ( > — < 

snbs,an,,a„ y shorter , han , he usefij| „ fc of ,„ c 

sensor needed ,o be repiaced. ,be uniune caiibra.ion i„for m a,,on wi,bin ,be Oec.nca, 
convert circuiuy was „ 0 lo „ eer app , lcab , e ^ ^ ^ 

sensor needed ,o be rep.aced <wbicb .as fre,^,. a user needed ,0 re pla ce bo,b ,„e 
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sensor and the substantially more expensive electrical conversion circuitry. This resulted 
in high cost and expense to the user. 

In addition to the above prior art limitations, prior art methods of calibrating a 
sensor consisted of using linear approximations to characterize a sensor over a 
temperature range. In this manner, typical linear conversion methodologies such as look- 
up tables were utilized, but the linear approximations provided poor accuracy since 
temperature sensors do not behave linearly over a broad range of temperatures. 
Therefore, even when a sensor was calibrated, its calibration consisted of inaccurate linear 
approximations. 

SUMMARY OF THE INVENTION 

In one aspect of the invention, a temperature sensing device includes a sensor and 
a memory coupled together on a holder, wherein the memory contains a plurality of 
custom calibration coefficients which uniquely characterize the sensor. The smart sensing 
device may also have a remote processor coupled to the sensor. The remote processor is 
operable to access the plurality of calibration coefficients from the memory and an 
electrical signal from the sensor. Th° rc.uote processor calculates the temperature value 
at the sensor by utilizing the calibration coefficients in conjunction with the electrical 
signal. The sensor and the memory are resident together on the holder used in taking the 
thermal measurement; therefore the sensor and memory are local to the sensed 
environment while the processor is remote from the holder, yet remains in electrical 
communication with the sensor and the memory. The memory may also contain other 
pieces of custom data which is uniquely associated with the sensor such as time constant 
data, maintenance data, intended use data, regulatory data or cold junction compensation 
coefficients to further aid in accurately determining the temperature at the sensor and 
improve sensor reliability. 

In another aspect of the invention, a method of calibrating a thermal sensor 
includes measuring an output signal of the sensor over a temperature range, thereby 
obtaining a plurality of paired data points. The method also includes the step of utilizing 
the paired data points in a mathematical curve fitting algorithm to obtain coefficients to a 
polynomial that characterizes the performance of the sensor over the temperature range. 
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The calibration coefficients are then stored within a memory which is associated with the 



sensor. 



In yet another aspect of the invention, a method of making thermal measurements 
mcludes a step of sending calibration data from a sensor to a processor, wherein the 
calibration data represents calibration information which uniquely characterizes the 
sensor. The method also includes the steps of measuring a temperature at the sensor 
communicating an electrical signal from the sensor to the processor, and converting me 
electrical signal into a temperature reading via the processor by utilizing the calibration 
data in a conversion algorithm. 

In a further aspect of the invention, a method of providing custom calibration 
sensors for measuring temperature mcludes the step of measuring a voltage or resistance 
value of a thermal sensor over a range of temperatures, and calculating a plurality of 
custom calibration coefficients which uniquely characterize the sensor using the 
calibration coefficients. The method also includes the step of storing the custom 
calibration coefficients in the memory associated with the sensor. 

BRIEF DESCRIPTIOiN OF THE DRAWINGS 

In the annexed drawings: 

Figure 1 is a block diagram illustrating a smart temperature sensing device 
coupled to a field signal acquisition unit in accordance With the present invention; 

Figure 2 is a schematic diagram illustrating the smart temperature sensing device 
coupled to the field signal acquisition unit; 

Figure 3 is a detailed block d.agram of the smart temperature sensing device and 
the field signal acquisition unit; 

Figure 4 is a schematic diagram illustrating the smart temperature sensing device 
coupled to a computer; 

Figure 5 is a table illustrating a plurality of paired temperature data points and 
calibration coefficients; 

Figure 6 is a schematic diagram illustrating the computer coupled to the memory 
of the smart temperature sensing device; 

Figure 7 is a graph exemplifying the error associated with linear approximations 
of the voltage-temperature relationship of sensors; 
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F.gure 8 ,s a schematic diagram illustrating in greater detail the smart temperature 
sensmg devtce, illustrating the memory and an RTD-type temperature sensor; and 

Figure 9 is a schematic diagram illustrating in greater detail a smart temperature 
sensmg device according to another embodiment includmg a thermocouple-type 
temperature sensor and the memory. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to a calibrated smart temperature sensing device 
having nonlinear calibration data which reflects a htstorica. nonlinear behavior of a Cass 
of sensors over a temperature range. The nonlinear calibration data (or coefficients) are 
stored ,n a memory within a sensor unit which includes a sensor. When in use, the smart 
temperature sensing devtce is in electrical communicate with a field signal acquisitton 
unit (or conversion circuttry) which downloads the calibration coefficients from the 
memory of the smart temperature sensing device. The smart temperature sensing device 
transfers a signal to the field signal acquisition unit which is indicative of the temperature 
at the sensor which converts the signal into a temperature using the nonlinear calibration 
coefficients of the smart temperature sensing device. 

The smart temperature sensing device may alternately contain custom 
calibration data which uniquely characterizes the sensor. Prior to use, the smart 
temperature sensing device is calibrated over a range of temperatures by measuring its 
output s.gnal over a temperature range and calculating custom nonlinear calibration 
coefficients. The calculation of the custom nonlinear calibration coefficients may be 
accomplished using a least squares fitting algorithm. The calibration coefficients 
umquely characterize the sensor and are stored in the memory within the sensor unit The 
smart temperature sensing device provides high accuracy by using the custom calibration 
coeffictents that uniquely characterize each sensor. Further, the custom calibrate 
coeffictents provide high accuracy because they are nonlinear coefficients that satisfy a 
polynormal which accurately characterizes the nonlinear behavior of the sensor over the 
temperature range. 

The smart temperature sensing device may also provide additional information to 
the field signal acquisition unit; such additional information includes: 
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a >.me co„s,a„, for S e„ st>r spced of respo „ se ^ ^ ^ ^ ^ 

■mended use environment dala for ^ ^ ^ ^ ^ ■ ' 

specfic ,o a parte,,, customer, ^ c0|<j compensalion ^ ^ 

thermocouple-type sensor. 

Figure I is a block diagram illustrating a smart temperature sensing device 1 0 
coupled to a field signal acquisition unit (FSAU) 12. The smart temperature sensing 
dev.ee 1 0 senses a temperature of irs environment and sends an analog electronic signal to 
•he FSAU ,2. The FSAU ,2, in ,um. converts rhe elecrriea, signal from fine smart sensing 
devrce 1 0 into a value indicative of the temperature of the environment. 

Figure 2 is a schematic diagram illustrating i„ greater detail the smart rempcrature 
acnsrng devrce I (I coupled ,o the FSAU 12. The smart temperature sensing device , 0 in 
one embodiment, comprises a sensor unit 14 including a handle portion 1 5 rmd a 
temperarure sensor 1 6 coupled rogcher via a spacer portion 1 8. The spacer portion 1 8 
serves ,o provide a suirable distance between the handle portion 1 5 and the temperature 
sensor 16 under circumstances in which the thermal environment a, the temperature 
sensor portion , 6 is subsrantialiy ho, or cold to prorec, any p,as,ic marertals, electronics 
or potrmg compounds associated wirh the sensor unit 14 from thermal damane and prorec, 
a user's hand on rhe handle portion 1 5 from suffering any discomfort. Alrcmarively the 
smart temperature sensing device 1 0 could operate without the space, portron 1 8 and 
■hereby mcorporate fine handle portion ,5 and me rcmperature sensor 16 rogerne, on or 
wrthm rhe same senso, unit 14. ,„ an alrernarive embodimen, the smart remperature 
sensrng device ,0 may further rsolare the sensor unit ,4 from the tempers sensor ,6 
by mcorporaring each into separate housings or subumrs, wherein both remain separate 
from the FSAU 12. 

The smart temperature sensing device 10 is coupled to the FSAU 12 through a 
w.re connector 20. The FSAU 1 2 inc.udes a disp.ay 22, control knobs 24, and conversion 
creuury (not shown ) which is interna, to the FSAU 12 and converts the analog electrical 
s.gnal from the smart temperature sensing device ,0 into a value representative of the 
temperature at the temperature sensor 16. The FSAU 12 displays the temperature on the 
d.splay 22 and the control knobs 24 (which are optiona.) are used to alter the contrast of 
the d,s P ,ay 22, convert the temperature display from degrees Farenheight to degrees 
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Celsius or alternatively to degrees Kelvin, or provide other control functions. 
Alternatively, the FSAU 12 may include additional buttons or other control indicia to 
effectuate conversion functions. 

Figure 3 is a block diagram illustrating the internal circuity of both the smart 
temperature sensing device 10 and the FSAU 12. The smart temperature sensing device 
1 0 has a memory 25 and the temperature sensor 16 coupled to a noise suppression circuit 
26. The memory 25 and the noise suppression circuit 26 are connected to the FSAU 1 2 
through a P2 connector 27, which is a common paraliel- type connector, which couples the 
smart temperature sensing device 1 0 and the FSAU 1 2 together. Alternatively, a different 
type of connector may also be utilized such as a bundled wire harness. The FSAU 12 
includes a processor 28 connected to a memory 30, an analog-to-digital convener 32, and 
the display 22. The memory 25 of the smart temperature sensing device 10 is coupled to 
the processor 28 via the P2 connector 27, and the noise suppression circuit 26 is coupled 
to the analog-to-digital convener 32 as well. Alternatively, the memory 25 may be 
located in either the handle portion 15, the spacer portion 18 or the connector 27 where, in 
each case, the memory 26 is separate from the FSAU 12. 

The smart temperature sensing device 10 works in conjunction with the FSAU 12 
in the following manner. The memory 25 of the smart temperature sensing device 10 
contains, in one embodiment, historical calibration data that characterizes the nonlinear 
behavior of a class of sensors over temperature. For example, if the temperature sensor 
1 6 is a thermocouple-type sensor, the nonlinear historical calibration data represents the 
average nonlinear behavior of many thermocouple-type sensors mat have been calibrated 
in the past. In this manner, the historical calibration data represents the average nonlinear 
behavior for thermocouple-type sensors. Similarly, different nonlinear historical 
calibration data will be used for other type temperature sensors 16 such as an RTD-type 
temperature sensor. In another embodiment, the memory 25 of the smart temperature 
sensing device 10 contains custom calibration data which uniquely characterizes the 
nonlinear behavior of the temperature sensor 1 6. Calibration coefficients are determined 
and loaded into the memory 25; how this is accomplished will be discussed infra. Upon 
initially coupling the smart temperature sensing device 10 to the FSAU 12 (via the P2 
connector 27) the processor 28 immediately accesses the memory 25 to download the 
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cus.cn, calibration coefficients resident within , he memory 25 ^ fc ^ ^ 

.2. The temperature sensor ,6, upon being placed in i,s receive temperature 
— e„t, senses the temperature and outpuB ^ ^ ^ 
.he temperature. The analog e.ectrica, signal, in a preferred embodiment, passes 
•he no.se suppression circui, 26, which effectively fihers the analog clecrrica, signal 
preferably through a band-pass filter artangement, and eiiminatcs noise „. „ 

•he s,g„al. The noise suppression circuit 26 ,hen passes ,he fihered eleenca! signal ,o ,he 
analogs digital convener 32 via ,he P2 connector 27. The analog-to-digita, converter 
converts the analog futered electrical signal into a digital signal (or binary word, for 
the processor 28 which converts. using , he cuslom aU ^ c<xmms ^ 
wtthtn the tnemoty 30. the digital signal into a temperature value which accurately 
represents the temperature of the environment at the temperature sensor 1 6 The 
processor 28 converts the electrical signal, which is a voltage (EMF) o, resistance value 
into a temperature through the following algorithm: 

Temperature = CO + CI *EMF + C2*EMF* + C3*EMF J + . . . + CS'EMF 1 , wherein CO 
CS rePreSemS " he """" < = alita,i °° Efficients and EMF represents the voltage ' 
value (typicaliy i„ millivolts) or resistance value (in ohms,. The processor 28 then 
displays that temperature value via the display 22. 

The memory 25 within the smart temperature sensing device ! 0 may also contain 
addmonal data to ptovtde improved conversion accuracy and system reliability For 
example. ,he mcmoty 25 may store a time constant associated with the particular 
temperature sensor ,6. The time constant represents the time i, takes for the temperature 
sensor i« to respond to a change in temperature. The processor 28 may use the time 
constant data in a, leas, tw „ ways: first, if the temperature sensor 16 is sensing the 
temperature a, a number of different temperature interactions, the processor 28 kmows 
how ,ong to wait to convert the signal from the temperature sensor 16 to ensure Una, the 
measurement is accurate. Second, if the processor 28 is also controlling lhe healing or 
cooltng of an oven apparatus, i, may use the time constant da,a in a ,cmpera,ure con.ro, 
algortthn, to more precisely control the temperature. 

Additional dan, within the tnemoty 25 may consist of maintenance data regardmg 
n_c= scheduhng for ,„ e , empera , we se „ SOf , 6 . For ^ , f ^ 
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sensor 16 should be tested or checked every "X" days, the memory 25 may download "X" 
to the processor 28 which will begin incrementing a clock. When the clock reaches "X", 
the processor 28 will communicate to the user via the display 22 that the temperature 
sensor 28 requires maintenance. The data within the memory 25 may include data for 
temperature sensor type ("X" days for RTDs, "Y" days for thermocouples, etc.) or sensor 
use (replace or repair every "Z" measurement). 

In addition to the above options, the memory 25 may also contain intended use 
environment data. For cxamplei temperature sensors 16 experience a known drift when 
measuring temperatures in a particular environment over time. The processor 28 may use 
this intended use environment data to approximately offset measured temperatures in that 
particular environment over time, thereby accurately taking into account drift within the 
particular temperature sensor 1 6. Because drift is a function of the particular 
environment, the temperature sensor 16 may be uniquely customized for a particular 
intended use environment. 

Regulatory data specific to a particular customer may also be stored within the 
-cmory 25. For example, ISO-9000 specification requirements, internal qualk, control 
standards, or UL mandates may require that particular actions be taken at various times to 
monitor, replace or repair the temperature sensor 16. In a manner similar to the 
maintenance data, the processor 28 downloads this data and provides prompts to the user 
via the display 22 to ensure that the regulatory requirements are addressed. Such 
regulatory data may also include data on the date of the sensor's manufacture, its material 
lot, when and where it was tested, a serial number of other traceability information. 

Cold junction compensation coefficients for thermocouples may also be 
downloaded into the memory 25. As is well known for a thermocouple-type sensor, a 
separate sensor is placed at the cold end of the thermocouple junction and the sensor must 
convert its output into an equivalent thermocouple signal in millivolts to subsequently 
calculate the temperature at its "hot" end. Since each style thermocouple (type K,C,J or T, 
for example) has its own unique conversion parameters, a universal conversion algorithm 
results in inaccuracies. Since each temperature sensor 16 (when using a thermocouple- 
type sensor) will know the style thermocouple being used, the unique compensation 
coefficient may be placed within the memory 25 for subsequent use by the processor 28. 
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Therefore, a plethora of data may be placed within >he memory 25 which is un.oue ,„ 

each temperature sensor ,6, .hereby providing improved conversion accuracy and sensor 
reliability. 

Figure 4 illustrates , caliora , ion sys(em M hav . ng sman (emperaure 
dev.ee I conpicd ,o a confer 36. The calibration system ,4 is preferably utiliz e d prior 

sale of the stnatl tempetamre sensing dev.ee ,0 such ,ha, purchase of the smM 
'emperature sensing d e vice , 0 will indude ^ ^ ^ 

w„h the memory 25. rhe ea.ibra.ion sys,em opera.es by piacing the S e„ sor uni , , 4 in a 
thermal environmen, having a known .ensure. The sensor uni, ,4 ou.pu.s an anaiog 
srgnal ,o .he computer 36 si m u,.aneous,y wi,b a recording of ,he knosvn temperature bv 
-he confer 36. The .herma, environ, temperature is .mown to .he eon.pu.er 
a stgnal from a s,a„dard sensing device wi.h verified calibra.ion provided frem a 
reference lab such as N,ST. The caiibrafion system 34 ,he„ increment, ,„e temperature of 
thermal envtronmen, K . MCO „ d ^ ^ ^ ^ ^ . 

measuren.cn, wi,h ,he smart ,cmpcra,ure sensing device ,0. The calibmtion S y s , em 34 
rep«s .he s,eps until a ,u.„cie„, number of data poi.,, s have been collected, whereby ,he 
compu,er 36 ,he„ has a number of signa, vaiues associa.ed wi,h a number of .mown 
temperatures (pa.red da,a poi„,s). The compeer 36 uses an algorithm, ,„ C a,cula,e a 
plural.ty ofcalibrafion coeff.cien.s for a polynomia, which represent a curve which 
matches the paired data poims. 

Figure 5 is a table which represent the paired da.a poin,s gathered from the 
ca hbratmn system 34 of Figure 4. Figure 5 has a ca.ibration temperature column 38 
Wh,ch fis B a p,ura,.,y of ca ,i bra , ion ^ „ K ..^ ^ ^ 

the temperature ofthe environment, that tempetature is recorded in the calibrate 
temperature coiumn 38. A sensor output column 40 lists afi the analog voitage signa, 
values or resistance from the sman tempetature sensing device 10 garnered duting the 
recordation of the calibration system 34. ,„ this manner, the table has a plurality of paired 
data pomts. namely the calibtation temperature column 38 and the sensor output column 
40, wheretn an output voltage signa, or resistance value is coupled or paired ,0 each 

ZT„7 2 c r ti0 " ,en ™ The te co,umn in Fieure 5 is • ~ 

column 42; the computer 36 of the calibration system 34 takes the values f„ r lhe paired 
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data points of calibration temperature column 38 and the sensor output column 40 and 
uses these paired data points to calculate the calibration coefficients. The computer 36 
utilizes the plurality of paired data points, in a preferred embodiment, in a least squares 
fitting algorithm to find a polynomial of minimal degree of the form: 

Temperature = CO + CI* EMF + C2* EMF 2 + C3*EMF 3 + ... + C8*EMF 8 , 
wherein CO,Cl, etc. are the calibration coefficients. The least squares fitting may also be 
artificially weighted so that the temperature at EMF = OV is about 0°C for thermocouple- 
type sensors. When higher order coefficients are equal to zero, it indicates that an 
acceptable curve fit was obtained with a polynomial of an order less than eight. The 
computer 36 downloads the calculated custom calibration coefficients into the memory 25 
of the smart temperature sensing device 10 which is illustrated in conjunction with Figure 
6. 

Figure 6 is a block diagram illustrating the computer 36 connected to the memory 
25 of the smart temperature sensing device 10. A memory address portion 43 is located 
within the memory 25 and represents predetermined, fixed addresses (A0-A8) at which 
the custom calibration coefficients reside within the memory 25. The processor 28 of the 
FSAU 12, when desiring to access the custom calibration coefficients of the memory' 25, 
therefore knows where to look to find the custom calibration coefficients and other 
information unique to the particular temperature sensor 16. 

The use of custom, nonlinear calibration coefficients substantially improves the 
conversion accuracy over prior art linear methodologies. The improvement in conversion 
accuracy is illustrated in Figure 7, which is a graph illustrating a thermocouple-type 
sensor as an example, having temperature (T) on the X-axis and the signal voltage (V) on 
the Y-axis. On the graph is a plurality of paired data points 44 (t„v,), (t 2 ,v 2 ), etc. collected 
in the manner described above in conjunction with Figures 4 and 5. In prior art linear 
approximations, a straight line approximation 45 is made using the paired data points. 
Then, when a voltage signal is received (V 0 ) the corresponding temperature (T L ) on the 
straight line 45 is determined. As can be seen by the plurality of data points on this graph, 
however, the temperature sensor 16 does not behave in a perfectly linear manner over its 
temperature range, but rather behaves nonlinearly. In this particular example utilizing the 
nonlinear coefficients, the voltage signal (V 0 ) corresponds to a temperature T 0 which is 
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lower than T L . The nonlinear coefficients for the polynomial that characterize the 
nonlinear voltage-temperature relationship 46 eliminate the error (AT) associated with 
prior art linear approximations. 

Figure 8 is a schematic diagram showing in detail the smart temperature sensing 
dev.ee 10 of Figure 3, namely a resistance temperature device (RTD) 47 coupled to an 
EEPROM 48. The RTD 47 and the EEPROM 48 represent a detailed representation of 
the temperature sensor 16 coupled to the memory 25 within the handle portion 14 (or 
alternatively a separate subunit) of the smart temperature sensing device 10 of Figures 2 
and 3. The EEPROM 48 operates in conjunction with the RTD 47 in the following 
manner. After the computer 36 has gathered the paired data points and calculated the 
calibration coefficients associated with the particular probe, which in this case is the RTD 
47, and the user wishes to enable the calibration, the user places a jumper between the 
part enable pin and the power supply which is coupled to the voltage supply pin of the 
EEPROM 48. The chip select pin is driven high (by the computer 36) and the calibration 
coefficient data is incrementally read in (or clocked) through the DO and Dl pins. When 
all the calibration coefficient data has been read into the EEPROM 48, the user 
chsconnects the jumper between the part enable pin up and the power supply and 
subsequently p.aces the jumper between the pan enable pin and the ground pin which 
d.sables the downloading of calibration coefficients into the memory 25. 

Upon power-up, the processor 28 reads and downloads the calibration coefficients 
recent within the EEPROM 48 into the memory 30 associated with the FSAU 12 The 
Processor 28 pulls the chip select pin low which enables data to be read from the memory 
25. The calibration coefficient data is clocked out of the DO and Dl pins and stored in the 
memory 30 for use by the processor 28. In this manner, the EEPROM 48 communicates 
the custom calibration coefficients to the processor 28 for use in converting analog signals 
received from the temperature sensor 1 6. The RTD 47, in this particular embodiment, 
senses the temperature by generating the analog signal and communicates that either 
directly to the ana.og-to-d.gital converter 32 or alternatively may send that to the analog- 
to-dtgaal converter 32 via the noise suppression circuit 26, as illustrated in Figure 3. 

Figure 9 is a schematic diagram illustrating the EEPROM 48 operating in 
conjunction with a thermocouple sensor 52. The EEPROM 48 operates in a similar 
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fash.cn as described in conjunction with Figure 7 and operates to enabie calibration by 
docking ,n the calibration coefficients from the processor 28. Subsequently the 
cahbration coefficients data resident within the EEPROM 48 can be readout to the 
memory 30 by the processor 28 for use in accurately calculating the temperature. 

Although several embodiments of the invention have been disclosed for 
■Hustrative purposes, those ski.led in the art will appreciate that various modifications 
addtttons and substitutions are possible, without departmg from the scope and spirit of the 
•nvention as defined in the accompanying claims. 
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CLAIMS 

' ^ tcmperature sensing device (10), comprising- 
a sensor n„i, (M) inc|<ldin8 a ^ 

■ — » (25) imegra, ,„ , he sensor unit (14) wherei „Te 
cation da , a ^ ^ * — , U5> eo„,ai„ s 

c* Jo„ dn.l'rr !C " !inS deViK ( ' 0, ° f C ' a,m ' ' «* 
c)a ^ f ^co mpn ses h , sra r,c a , da , alha , roflec , snonl , carbehaviorofapanicufe 

P .ses cusrom da , a wh , ch uniqudy 

1- The lemperniure sensing device Mrfj- , 
ealibrmiondau, comprises anm ■■ ' de " ee( " >ofc,, » '• «*-»» - nonlinear 
mpr,SKa P"" a '"y<>fnonline a rca,ibra,ioncoefncien 1 3(4 2 ) 

connccorpo, f or 'J^TT ^ ^ ^ ^ Ga 
-mo,. L Perab ' e ,0 —ear ca,i b ra,io„ dara from me 

cali b ra,io„da,a mm I ' " «« -""ear 

.emperamrc v alu e r „ , he ^ ^ 

«„„ crcni, ( 26) clim J ° ? «~ - 

P-cesso, «, „ V ^ '"^ ' signa, ,o rhe 

:„r ( ;; • hcfi,tercdsie " a,is 

anaiog-, 0 .digi te , converter (32) is „ P '° C " SOr ^ " ta * ,te 

uuuzea b y the processor (28) 

—re a, me sensor (I6) " <*° ~ 
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9. The sensing device (10) of claim 1, wherein the sensor (16) comprises a 
resistance temperature device (47). 

10. The sensing device (10) of claim 1, wherein the sensor (16) comprises a 
thermocouple device (52). 

11. The sensing device (10) of claim 1, wherein the memory (25) comprises an 
electrically erasable programmable read-only memory (48). 

1 2. A smart temperature sensor system (10), comprising: 

a sensor (16) on a sensor unit (14), operable to sense a temperature; 

a memory (25) on the sensor unit (14), wherein the memory (25) contains 
nonlinear calibration data which characterizes the sensor (16); and 

a processor (28) remote from the sensor unit (14) in electrical communication with 
the sensor (16) and the memory (25), wherein the processor (28) receives the nonlinear 
calibration data from the memory (25) and an electrical signal from the sensor (16), and 
wherein the processor (28) utilizes the nonlinear calibration data to convert the electrical 
signal into a value that represents the temperature at the sensor (16). 

13. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises historical data that reflects nonlinear behavior of a 
particular class of sensors. 

14. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises custom data which uniquely characterizes the sensor 
(16). 

15. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
nonlinear calibration data comprises a plurality of nonlinear calibration coefficients (42). 

16. The smart temperature sensor system (10) of claim 12, wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through a wired 
connection (20). 

1 7. The smart temperature sensor system (10) of claim 12, wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through an RF 
connection. 

18. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
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processor (28) communicates with the sensor (16) and the memory (25) through an IR 
connection. 

19. The smart remperature sensor system (10) of claim 12, funher comprisin.. 
a notse suppression circuit (26) couplcd be , wee „ fc Jensor ( , 6) ^ ^ ° 

wherern ,he noise suppression eircui. (26) eliminate, noise, .hereby providing a filtered 
s-sna! ,o .he proctor (28, which is indicate of the .emperature a, the sensor ( , 6,. 

20. The smart thermal sensorsystem (10) of claim 12. further comprising an 
aoa,og.,„.digi,a, converter (32) coupled between the sensor „ 6, and the processor <2 S , 
wherern the a„a,o 6 -,o-digi,al converter (32, is operable to convert ,he elee.rical signal ' 
from the sensor (16) into a digt.a, signal ,o be subsequently received by the processor 
(28). 

21. The smart thermal sensing system ( 1 0) of claim 1 2. further comprising a 
d.splay (22) coupled to the processor (28) for displaying a temperature value which 
represents the temperature at the sensor (16). 

22. A method of calibrating a temperature sensor (16), comprising the steps of 
mcsunng an output value of the temperature sen,o r (16) over a range of 

temperatures, thereby obtaining a plurality of paired data points (38,40); and 

utilizing the plurality of paired data points (38,40) in a mathematical curve fitting 
techmoue to obtain coefficients (42) to a polynomial that characterizes the performance of 
the sensor (1 6) over the temperature range. 

23. The method of claim 22 further comprising the step of storing the 
coefficients (42) within a memory (25) associated with the sensor (16). 

24. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a voltage signal (40). 

25. The method of claim 22, wherein the step of measuring the output value of 
the sensor (16) over a range of temperatures comprises: 

measuring a voltage at a first known temperature in the temperature range- 
incrementing the temperature to a second known temperature in the temperature 

range; 

measuring the voltage at the second known temperature; and 
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repeating the steps of incrementing the temperature and measuring the voltage at 
that temperature until the temperature range is traversed, thereby creating the plurality of 
paired data points (38,40). 

26. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a resistance. 

27. The method of claim 22, wherein the step of utilizing the plurality of data 
points in a mathematical curve fitting technique comprises putting the data into a least 
squares fitting algorithm to calculate the polynomial coefficients (42). 

28. The method of claim 27, wherein the polynomial is of a form T = CO + 
C1*EMF + C2*EMF + C3*EMF + . . . + C8*EMF 8 , and wherein CO. CI , . . C8 are the 
coefficients. 

29. The method of claim 27, further comprising the step of artificially 
weighing the least squares fitting algorithm so that the temperature at a voltage value of 
zero is zero degrees Celsius. 

30. A method of making temperature measurements, comprising the steps of: 
sending at least one nonlinear calibration datum from a sensor (16) to a processor 

(28); 

measuring a temperature with the sensor (16), wherein the sensor (16) converts the 

temperature to an electrical signal; 

communicating the electrical signal from the sensor (16) to the processor (28); and 
converting the electrical signal into a temperature reading by utilizing the at least 

one nonlinear calibration datum in a conversion algorithm. 

31. A method of providing custom calibration sensors ( 1 6) for measuring 
temperature, comprising the steps of: 

measuring a voltage signal (40) of a thermal sensor (16) over a range of 
temperatures (38), thereby creating a plurality of paired data points (38,40); 

calculating a plurality of custom nonlinear calibration coefficients (42) that are 
uniquely associated with the sensor (16) using the plurality of paired data points (38,40); 
and 

storing the custom nonlinear calibration coefficients (42) in a memory (25) 
associated with the sensor (16). 
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32. A 



smart thermal sensing device (JO), comprising: 



a sensor (16) on a sensor unit (.4), wherein the sensor (16) is operable to sense a 
temperature; and 

a mowy ( 25) on , he scnso , „„„ (|4) where . n memory (2j) 

~»r *. uniq „ ely associMcd with lhc sensor ^ ^ ^ ^ 

comprises at least one of: 

one or more nonlinear calibration coefficients (42), a time constant 
mamtenance data, intended use environment data, regulatory data, or co.d junction 
compensation coefficients. 
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. AMENDED CLAIMS 

irecdved by .he International Bureau on 20 March 1998 (20 03 98V 
ongmal clauns . and ,2 amended; remaining claims unchigedtf pages), 

1- A temperature sensing device (10), comprising: 
a sensor unit (.4) including a sensor (16) operable to sense a temperature- and 
a memory (25) integral to the sensor unit (,4), wherein the memory (25) contains 
nonlmear calibration data which characterize the sensor (, 6) and wherein the nonlinear 
cahbration data is independent of conversion circuitry for utilizing the non.inear 
calibrate data in generating an output indicative of the temperature. 

2. The temperature sensing device (10) of claim 1, wherein the nonlinear 
cahbranon data comprises historical data that reflects nonlinear behavior of a particular 
class of sensors. 

3. Thetompera t urese„ s i n gdevice<10)ofclai m 1, wherein the nonlinear 
cahbranon daia comprises custom data whieh uniquely oharac.erizes .he sensor (.6). 

4. The .emperature sensing device (10) of claim I, wherein ,he nonlinear 
cahbrarion data comprises a plurali.y of nonlinear calibra.ion coefficients (42). 

5. Thetompera.uresensi„ g devicc(10)ofclaim I , further comprising a 
connector (20) for coupling a processor (28, to ,he sens- (1 6) and me memory (25) 
wherein ,he processor (28, is operable to access ,hc nonlinear calibra.ion daia from Ore 
memory ,25) and receive « elecrical signal from ,he sensor (1 6) which is indicative of 
the temperature a, ,h. sensor (16), and to convert ,he elec.rica, signal using the nonlinear 
cahbratron data into a temperature value whieh represents ,he temperature a, me sensor 
(16). 

6. These„singdevice(,0,ofcla i m5,mrthereom P r is i„ga„oises U ppress i o„ 
c.ren,« (26, coupled between the sensor (16) and ,he processor ,26), wherein (he noise 
suppression circuit (26) eliminates noise, thereby providing a filtered signa, to the 
processor (28), and wherein me filtered signal is indicative of the temperature at the 
sensor (16). 

7. The sensing device (10) of claim 5, further comprising an analog-to-digital 
converter (32) coupled between the sensor (. 6) and the processor (28), wherein the 
analog-to-digital converter (32) is operable to convert the electrical signal from the sensor 
(16) into a digital signal to be utilized by the processor (28). 
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8- The S ensi„ e device (10) of claim 5, further comprising a display (22) 
coupled ,o ,he processor (28, for displaying „ K temperature value which represents ,hc 
temperature at the sensor (16). 

9. The sensing device (10) of claim I, wherein the sensor (16) comprises a 
resistance temperature device (47). 

10. The sensing device (10) of claim 1, wherein the sensor (16) comprises a 
thermocouple device (52). 

II- The sending device (10) of claim 1, wherein the memory (25) comprises a 
electncally erasable programmable read-only memory (48). 

12. A smart temperature sensor system (10), comprising: 
a sensor (16) on a sensor unit (14), operable to sense a temperature; 
a memory (25) on the sensor unit (14), wherein the memory (25) contains 
nonlinear calibration data which characters the sensor (16) and wherein the nonlinear 
cahbratton data is independent of conversion circuitry for utilizing the nonlinear 
caltbratton data in generating an output indicative of the temperature; and 

a processor (28) remote from the sensor unit (1 4) in eiectrical comntunicattc- with 
the sensor (16) and the memory, (25), wherein the processor (28) receives the nonlinear 
cahbratton data from the memory (25) and an electrical signal from the sensor (, 6) and 
wherem the processor (28) utilizes the nonlinear calibrate data to convert the electrical 
signal into a value that represents the temperature at the sensor (16). 

13. The smart temperature sensor system (10) of claim 12, wherein the 
nonhnear calibration data compnses historical data that reflects non.inear behavior of a 
particular class of sensors. 

14. The smart tempera.ure sensor system (10) of claim 12, wherein the 
nonpar calibration dara comprises custom data which tmi q uel y characterizes the sensor 
(16). 

15. The smart temperature sensor system (10) of claim 12, wherein the 

nonlinear calibration data comprises a nlnralitv «f ™ r ■ . * . 

nipnses a plurality of nonlinear calibration coefficients (42) 

16. Thesmart temperature sensor system (10) of claim 12, wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through a wired 
connection (20). 
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J 7. The smart temperature sensor system (10) of claim 12, wherein the 
Pressor (28) communicates with the sensor (16) and the memory (25) through an RP 
connection. • 

18. The smart temperature sensor sysfcm (, 0 ) ofclaim 12, wherein , he 

izzr communicaies ^ ^ ^ - *• <»> *««■, « » 

19. The smart ,empera,„re sensor system (,0) of claim 12, farther comprising 
a notse suppression circuit (26, coupled between the sensor (1 6> and the processor (28, 
wheretn the noise suppress™ circuit (26, eliminates noise, thereby providing a filtered' 
stgnal ,„ the processor (28, which is indicative of the temperature at the sensor (16, 

20. ThesmartthemralsensorsystetndCofclaim 1 2, further comprismg an 
analog-to-digita, converter (32, coupled between the sensor (,6) apd the processor (28) 
wherem ,he ar,a,„ g .,„-digi,a, converter (32, is „perah,e to convert the electrical signal ' 
from ,hese„sor(16, intoadigita, signal to be subsidy received by theprocessor 
(28). 

21. The smartthermal sensing S y srem(10 ) of claim .2, further comprising a 
dtsplay (22, coupled to the processor (28, for disphtying a temperature value which 
represents the temperature at the sensor (16). 

22. A method of calibrating a temperature sensor (16), comprising the steps of 
measuring an output value of the temperature sensor (16) over a range of 

temperatures, thereby obtaining a plurality of paired data points (38,40)- and 

utilizing the plurahty of paired data points (38,40) in a mathematical curve fitting 
echn ique to obtain coefficients (42) to a po.ynom.al that characterizes the performance of 
the sensor (16) over the temperature range. 

23. The method of claim 22 further comprising the step of storing the 
coefficients (42) within a memory (25) associated with the sensor (16) 

24. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a voltage signal (40). 

25. The method of c.aim 22, wherein the step of measuring the output value of 
the sensor (16) over a range of temperatures comprises: 

measuring a voltage at a first known temperature in the temperature range- 
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^ inching „,e ,_ re 10 . ^ ^ ^ ^ 

measuring ,he votage a, the second known rcmperapire and 
repeal , he steps of incremen ,, ne ^ ^ 

ha, empera.ure nnU, me rempera.uae range „ Paversed. „,ere b v erearing to plural y of 
paired data points (38,40). 3 

26. The memod of Cairn 22, wherein ,he s.ep of muring the ou.po, valne 
comprises measuring a resistance. 

27. The memod of claim 22, wherein ft. s,ep of uMizing fa plurality of da(a 
points in a mathematical curve fininn .„i "yoroaia 

curve fining ,.ch„, quc comprises putting (he data into a leas, 
squares fimng algorithm t0 ca|cu , a(e ^ ^ 

C, .PMP 8 ' , me ' h0d ° f C ' aim Wherd " ' he P0,ynOmW is of a f °™ T = C0 + 
C1*EMF + C2»EMF ! + C3'EMFH + rs.cao , . 

coefficient, ' ' ^ ^ C °' C1 ' " " « « «« 

29. The ,ne,h„d of Cain, 27, further comprising me step of artificial,,, 
weighmg tine ,eas, nt fi„g a.gori.hm so ,ha, tine , emperaIure „ . v0 „ aee ^ 
zero is zero degrees Celsius. 

30. A meihod of making tempera.ure measurement, comprising ,he s.eps of 
^ sending a, ,ea S1 one „„„ lln ear calibration da.um from a sensor (,ti> ,o a processor 

measuring a remperamre w,,h ,hc sensor „„, wherein ,he sensor (,6, converts ,he 
temperature to an electrical signal; 

communicating the electrical signal from the sensor (1 6) to the processor (28)- and 

one no7 Verti r e ^ ^ ^ 3 ^ * - - -« 

one nonhnear cahbrat.on datum in a conversion algorithm. 

31- A method of providing custom calibration sensors (16) for measuring 
temperature, comprising the steps of: 

measuring a voltage signal (40) of a thermal sensor (16) over a range of 
temperatures (38), thereby creating a plurality of paired data points (38,40); 
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calcuiatin, a p.uraiity „f cuslon , „„„ linear calibratlon ^ ^ ^ 
un,,ue,y nssociated with ,„e sensor ( , «, usl „ g the p , urality of ^ ^ 
and . 9 y ' 

storing the custom nonlinear calibration coefficients (42) in a memory (25) 
associated with the sensor (16). 

32. A smart thermal sensing device (10), comprising: 
sensor (16) on a sensor unit (.4), wherein the sensor (,6) is operable to sense a 



temperature; and 
a 



memory (25) on ,he sensor u„i, (, 4), whcreln ,„„ memory p;) ^ ^ 

custom sensor data 



sensor data uniquely associated wit!, the sensor (16), and wherein the 
comprises at least one of: 

one or more nonlinear calibrate coefficients (42), a toe cons™ 
ma,„,e„a„ce data, intended use environment date, regulatory data, or co)d junction 
compensation coefficients. 
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